General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 




X- 641 -70-420 

PREPRINT 


COMBINED X-RAY NEUTRON EXPERIMENT 
FOR THE EXPLORATION 
OF LUNAR AND PLANETARY SURFACES 


J. I. TRO.MBKA 
I. ADLER 

R. SCHMADEBECK 


GODDARD SPACE FLIGHT CENTER 

GREENBELT, MARYLAND 

N7l- 14 Hj*. 


(ACCESSION 


(CATEGORY) 


AD NUMBER) 


COMBINED X-RAY NEUTRON EXPERIMENT FOR THE EXPLORATION 
OF LUNAR AND PLANETARY SURFACES 


by 

J. I. Trombka, I. Adler, and R. L. Schmadebeck 
Goddard Space Flight Center 

and 

F. Senftle 

U. S. Geological Survey 


August 1970 


Goddard Space Flight Center 


Greenbelt, Maryland 


PRECEDING 


page 


punk not 


FILMED 


CONTENTS 

Page 


ABSTRACT v 

1. Introduction 1 

2. X-ray fluorescence experiment 3 

3. Neutron -gamma techniques 5 

4. Multiplex data accumulator 7 

5. On-line data analysis 8 

6. Conclusion 10 

References 11 


iii 


PREQZjIkq 


i'AGli; BLANK 


Not filmed 


ABSTRACT 

A combined X-ray fluorescence and neutron excitation experiment for ob- 
taining rapid surface and subsurface element analysis is presently under investi- 
gation. The X-ray experiment would utilize both alpha and beta sources; the 
neutron experiment would utilize isotopic or accelerator neutron sources. The 
X-ray system would sample element composition to micron depths, whereas 
the neutron method would measure element composition to approximately 2 feet 
in depth. Differences in element composition for the two measurements may 
reveal the time scale of processes involved in the formation of the planetary 
surfaces. 

Measurements with the X-ray and neutron sources have been carried out, 
and quantitative and semiquantitative results have been obtained. A preliminary 
design of a combined system has been completed and is presently under con- 
struction. 
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COMBINED X-RAY NEUTRON EXPERIMENT FOR THE EXPLORATION 


OF LUNAR AND PLANETARY SURFACES 


by 

J. I. Trombka, I. Adler, and R. L. Schmadebeck 
Goddard Space Flight Center 

and 

F. Senftle 

U. S. Geological Survey 


1. INTRODUCTION 

A major goal of geochemical exploration of the moon and planets is the 
mapping of these planetary surfaces with respect to their element compositions. 
Information concerning both the areal and vertical composition distribution is 
of great interest in such exploration programs. These geochemical maps can 
be used, for example, in the study of processes such as differentiation and 
erosion of planetary surfaces, and the interaction of the solar wind with these 
surfaces. 

A simultaneous areal and vertical study of the element composition of 
planetary surfaces can be carried out through the study of gamma-ray, X-ray, 
and a -particle emissions. These emissions can be produced either by natural 
radiation (such as the decay of 40 K, U, and Th) or by the incident cosmic rays 
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and solar X-rays interacting with the surface, or they could be induced by a 
variety of excitation sources placed on the surface during unmanned or manned 
space flight missions. 

The natural emissions produced by cosmic rays and solar X-rays can be de- 
tected most efficiently from a spacecraft orbiting about a planetary surface. 

The X-rays detected would be characteristic of the element composition of the 
surface extending possibly to a depth of 10 microns. The discrete gamma-ray 
spectrum should characterize the element composition to a depth of approxi- 
mately 2 feet. Because the spacecraft would be in orbit about the planet, areal 
element composition could be obtained. A comparison of the element composi- 
tion (inferred from an analysis of the X-ray emissions) with that obtained from 
an analysis of the gamma-rav emissiors would possibly yield information on the 
vertical element distribution. (This experiment will be performed during the 
Apollo 15 and 16 missions.) 

If the source, sample, and detector geometry can be controlled and the 
intensity of the excited emissions can be increased over that which can be ob- 
tained from orbital measurement, then more precise information about element 
composition can be obtained. X-ray fluorescence and neutron excitation sources 
that can be carried to a planet may provide the means to perform such measure- 
ments. Some possible «*nd promising experimental approaches will be discussed 
in this paper. 
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2. X-RAY FLUORESCENCE EXPERIMENT 


Radionuclides provide a very effective energy source for the excitation of 
characteristic X-ray spectra. The generated spectra can in turn be detected 
by an energy-sensitive detector such as a proportional counter, scintillation 
detector, or solid state detector. (In the application to be described, a pro- 
portional counter is chosen because of its reliability, ease of operation, and 
energy resolution.) The output of the proportional counter is fed to a multi- 
channel analyzer which produces a pulse-height spectrum. The pulse-height 
spectrum is reduced to an energy spectrum which, in turn, is converted to 
compositional information (Reference 1) . 

The proposed experiment is based on the latest data about lunar materials 
(Reference 2). By the combinination of three radioactive sources with two pro- 
portional counters, it will be possible to cover the element range from Zr to 
Mg with sensitivities of the order of 1 percent or better. 

A thin-window proportional counter (1-mil Be) will be used in combination 
with an a emitter ( 210 Po or 242 Cm) to cover the element range from Mg through 
Ti. Examples of characteristic spectra of dunite and granite produced with a 
242 Cm source are shown in Figure 1. 

A second proportional counter will be used alternately with 55 Fe and 1( ^Cd. 
Excitation with the 6-keV X-rays of 55 Fe (Mn Kor line) should give optimum 
coverage from Ti through K; 109 Cd, with its 22-keV X-rays (I Kor line), will 
be used to excite elements from Zr through Fe. 
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The sensitivity of the proportional counters will be maximized by the selec- 
tion of appropriate gas fills: Ne for the light elements and Xe for the heavier 
elements. 

The instrument system is designed for sequential measurements so that only 
the light-element detector is active when the or source is used. A conceptual 
design of the detector system is shown in Figure 2. 

The plan is for the astronaut to carry the experiment to various sites, 
either by hand or with a roving vehicle. The estimated earth weight of the 
package will be 20 lb or less. Measurements of a rock or some other terrain 
feature can be made by placing the analyzer on the surface or in contact with 
the feature. Although no sample preparation is visualized, a smoothing of the 
surface by the astronaut could be useful. 

The analog output from the sensors and amplifiers will be processed by 
either a 64- or a 128-channel ADC converter and fed to a data accumulator 
with a capacity of 4096 words. The spectrum will then be read out in real time 
through a pulse code modulated transmitter to earth for on-line data analysis, 
and the analyzed data will be returned to the astronaut in approximately 10 to 
12 minutes after initiation of the measurement. The results of an analysis 
showing the contribution of each element component to the total envelope of a 
spectrum produced with a ’ <2 Cm source are indicated in Figure 3. 
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3. NEUTRON-GAMMA TECHNIQUES 


Neutron-induced excitation methods for chemical analyses and mineral ex- 
plorations using both isotope and accelerator neutron sources have been under 
investigation bv NASA and the U.S. Geological Survey (see, for example, Ref- 
erences 3, 4, 5 and 6) . The accelerator source has been developed to measure 
the major element composition, hydrogen content, and bulk density. This is 
accomplished by the measurement of gamma rays produced by inelastic scat- 
tering, radiative capture, activation, and neutron "die away". The best ap- 
proach for this particular application, however, is to use isotopic sources and 
to measure the gamma rays produced by neutron radiative capture and activa- 
tion. Sensitivities and energies of thermal neutron capture have been tabulated 
for most of the elements (Reference 7) . Because an isotopic source cannot be 
turned off, the counting is done simultaneously with the irradiation cycle. This 
latter approach allows analysis not only of the major element composition but 
also of some minor and trace elements. 

Figure 4 shows a cross section of a neutron accelerator developed for space 
flight application. Figure 5 shows a configuration of an accelerator detector and 

i 

a shield for a lunar mission. Figure 6 shows two configurations possible for 
lunar application that use an isotopic Cf 262 neutron source. Figure 7 shows a 

a 

pulse-height spectrum obtained with a Ge(Li) detector that uses a configuration 

» 

t 

similar to that shown in Figure 6B. 

Because Ge(Li) detectors will not survive the rigors of space environment, 
Nal(Tl) detectors are needed. Resolution is considerably poorer for Nal(Tl) 
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than for Ge(Ll), but computer techniques can partially compensate for this fault. 
A rather sophisticated analytical procedure has been developed to obtain both 
qualitative and semiquantitative information from the measured spectrum. 

A pulse-height spectrum of gamma rays resulting from radiative capture, 
activation, and natural background is shown in Figure 8 (curve a). This spec- 
trum was obtained with a 3- by 3-in. Nal(Tl) crystal and a large sample of 
basalt that had been irradiated by a pulse neutron generator.* The pulse-height 
spectrum shown covers the energy region from 0.2 to 3 MeV. Similar spectra 
have been obtained with a 252 Cf source. 

Certain lines can easily be identified in Figure 8 (curve a), but other lines 
are masked by the background and the continuum caused by the scattering of 
the induced gamma rays in the irradiate' 1 material. It is the discrete lines 
that contain the information on element composition. The analytical procedure 
is outlined in Figure 8 and the qualitative results are indicated. The details 
of the method can be found in Reference 4. 

Experiments with neutron sources indicate that the bulk element composi- 
tion down to approximately 2 feet can be sampled by the techniques described 
above. The combination of the X-ray fluorescence system with either of the 
neutron methods described above gives information about element composition 
and also some information on vertical distribution. 


*J. Reed, private communication, 1968. 
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4. MULTIPLEX DATA ACCUMULATOR 


A key to the combined neutron-gamma and X-ray experiment is a compact 
data control, acquisition, and transmission system that will operate the experi- 
ment, convert the analog signal to digital data, and prepare the data for trans- 
mission. Furthermore, if an astronaut is to use the equipment, returning of 
the information after analysis will be an aid to decision making and control of 
the experiment. Toward this end, a so-called multiplex data accumulator (MDA) 
is under development at Goddard Space Flight Center. 

The first step in the development of the MDA was the construction of a 4096- 
channel analyzer with a 512 ADC. Figure 9 is a photograph of the analyzer. 

The system contains a preamplifier-amplifier input, an anticoincidence system, 
the 512 ADC, a 4096-word (16-bit) memory, and two high-voltage supplies. 

The unit shown in the photograph is portable and is powered by 28-V batteries. 
Eight 5 12 -channel spectra can be stored. 

The above system is now being extended to include the following MDA con- 
cept. The MDA is designed around a high-speed, common-bus access system, 

I 

and is called a memory scanner (Figure 10). The neutron-gamma experiment 
requires extremely fast timing control (in the 1-MHz region); therefore, the 
scanner and bus must be capable of operating at speeds in excess of 1 MHz so 
that such an experiment might be controlled. These speeds will also enable the 

• * t 

MDA to control the sorting of data from a number of different experiments 
simultaneously, perform data compression, and read out the data to an output 
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interlace such as a telemetry system. The scanner will scan the devices at- 
tached to the bus ( i . e . , experiments. I/O units, and housekeeping units) and 
process the requests from the devices on a priority basis. The scanner will 
be designed to initiate certain programmed functions in the experiments bv 
sending the proper commands to the specific experiments. The scanner should 
also have the capabilities of allocating various amounts of memory to the dif- 
ferent experiments, and performing housekeeping functions by the use of some 
limited amount of software. An engineering model of this system should be 
available in late 1971. With the MDA, the excitation sources, and the detectors, 
the combined experiment considered in this paper should be feasible. 

5. ON-LINE DATA ANALYSIS 

The system has an on-line data analysis svtem which allows rapid analysis 
of the raw data and returns the interpreted data to the investigator (e.g. , the 
astronaut) in the field. The details ;>f the system have been described in a 
number of papers (References 1, 8, and 9). 

The methods described have been developed for use on the CDC 3200 and 

• 

IBM 360 computers. Recently, through use of the IBM 2250 system (? system 
with a CRT display and a light pen in conjunction with an IBM 360 Model 91 com- 
puter), a method has been developed that allows the analyst to have real-time 
control of the computer throughout the analysis. Figures 11 through 13 are 
photographs taken of the CRT tube during the operation of the program; they 
give an idea of how the on-line system works. A complete description is be- 
yond the scope of this paper. 
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The first step in the analysis requires that the investigator select the func- 
tion to be performed. The options are as follows: 

(1) Raw data and standards input. Using standard spectra, the system (as 
presently constructed) synthesizes the raw spectra. The analysis supplies the 
relative magnitude or intensity of each standard spectrum required to synthesize 
the raw data spectrum most adequately (based on least-squares criteria). The 
absolute or relative element composition corresponding to those elements in the 
standard library may then be inferred. 

(2) Data storage. This allows the investigator to store the raw data for 
later analysis. 

(3) Data display. Three spectra can be simultaneously displayed and com- 
pared . 

(4) Background spectrum. This option allows a background spectrum to 
be read in. 

(5) The weighting function, omega. This option allows the analyst to read 
in statistical weighting functions calculated outside the main program. Under 
certain conditions, the statistical weighting functions can be calculated in the 
main program. 

Once the fui.ctions described above are complete and a least -squares 
analysis is performed, the results of the analysis are displayed. The results 
shown in Figure 12 were obtained after a mixture of the elements listed was 
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irradiated in a nuclear reactor. Finally, from the results shown in Figure 12, 
the pulse-height spectrum was calculated with the standard library spectra. The 
results are compared with the raw pulse-height spectrum. Raw data, and the 
difference between the actual and calculated spectra, are displayed in Figure 13. 

This system has been used successfully to analyze gamma-ray, X-ray, a- 
particle, and mass spectroscopy pulse-height spectra. 

6. CONCLUSION 

A combined X-ray and neutron-gamma -ray system holds great promise for 
lunar element and planetary surface element composition analysis. This ex- 
periment can use alpha and X-ray sources to produce X-ray fluorescence of 
surfaces. It is believed that composition analyses can be obtained for elements 
from Na through Zn. In addition, both accelerator and isotopic neutron sources 
can be used to perform element analysis for the major and some minor and 
trace elements. The X-ray system yields information down to micron depths, 
whereas the neutron methods yield information down to approximately 2 feet. 

A comparison of results from the two measurements should yield information 
about vertical composition distribution in lunar and planetary surfaces. 

The system now under development includes the excitation sources, de- 
tectors and associated electronics, a multiplex data accumulator, and an on- 
line data analysis system. Much of the system is complete, but a total system 
should be available for test in late 1971. 


10 


REFERENCES 


1. Trombka, J. I., and Adler, I., "Non-Dispersive X-Ray Emission Analysis 
for Lunar Surface Geochemical Exploration" in Electron Probe Micro- 
analysis, Edited by R. Marton and T Tousimis, New York: Academic 
Press Inc., 1969, pp. 313-359. 

2. "The Moon Issue," Science 167 (3918), 1970. 

3. Caldwell, R. L., Mills, W. R., Jr., Allen, L. S., Bell, P. R., and 
Heath, R. C., "Combination Neutron Experiment for Remote Analysis," 
Science 152 (3721): 457-465, 1966. 

4. Trombka, J. I., Senftle, F., and Schmadebeck, R. L., "A Mobile Geochem- 
ical Laboratory Using Remote Data Analysis and Acquisition," Trans. 

Amer. Nuc. Soc. 12 (2): 472-473, 1969. 


5. Senftle, F. E., "Mineral Exploration by Nuclear Techniques," Mining 
Cong. J. 56 (1): 21-28, 1970. 

6. Philbin, P. , and Senftle, F. E., "Field Activation Analysis of Uranium 
Using 252 Cf Neutron Source," Trans. Soc. Mining Eng. (in Press). 


7. Duffey, D., El-Kady, A., and Senftle, F. E., "Analytical Sensitivities and 
Energies of Thermal Neutron Capture Gamma Rays," Nucl. Instrum. 
Methods 80: 149-171, 1970. 

8. Trombka, J. I., and Schmadebeck, R. L., "A Numerical Least-Square 
Method for Resolving Complex Pulse Height Spectra," Nucl. Instrum. 
Methods , 62: 253-261, 1968. 

9. Trombka, J. I., and Schmadebeck, R. L., "On-Line Data Analysis of 
Digital Pulse Height Spectra" in 1968 International Conference on Modern 
Trends in Activation Analysis, Gaithersburg, Md. : NBS SP -312, 1969, 
pp. 1097-1101. 


11 


COUNTS 



CHANNEL 


Figure 1— Comparison of pulse height spectra with dunite and granite samples. 

tation source is used. 


24 2 , 


Cm exci- 



WINDOW 


Figure 2-Excitation sources and 


sensors subsystem for lunar exploration X-ray fluorescence 
analyzer. 


12 




COUNTS 


10 


/ \ \ 



Mh hoifht ^octruni of a boat* 
wwd «rlth a proforlioro) counter 
nllod with 90% A and 10% CM* Tho 
following con bo loon: 


2. Tho m wologo Am to tho tu* of 


3. Tho mound puho hotght ipoctn* 
with tho Mtlttkol vorlotiom 
IncluAoM 


I I I I 


I I I I 1 


3 








moderator - 

THERMAL SHIELD- 

3 IN . x 3 IN. 
Nal(Tl) DETECTOR 


Vi FT 


MULTICHANNEL 
ANALYZER 


CONTAINMENT VESSEL 



/////// 
LUNAR SURFACE 


(A) MULTI-SAMPLE EXPERIMENT 



Figure 6-Two possible configurations using isotopic neutron sou'ces. 
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Figure 7-Prompt capture and activation gamma pulse-height spectrum using 25 ^Cf 
source and solid state detector [35-cm ^ Ge (Li)l. 



Figure 8-Pulse-height spectra of basalt sample irradiated with an accelerator source. 
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Figure 9b— View of the 4096 memory unit. 
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Figure 10— Simpl if ied block diagram for multiplexed data accumulator. 
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Figure 12-Least squares analysis results displayed on IBM 2250 CRT. 
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Figure 13 The actual spectrum and the difference between it and the calculated spectrum, fro 
the results shown in Figure 12, as displayed on IBM 2250 CRT. 
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